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- explain the rationale behind cellular adoptive
immunotherapy

=describeamethods ofamproving.celluiar
adopuyveammunotherapy
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cellular adoptive immunotherapy



“nnate® FAdaptive"

- skin, mucosal barriers - T cell mediated
- complement - CD8 cytotoxic

S NEUtrophuis;INKECellsy

=(Ehameiper
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eosinophils - antibody production



dImmunotherapyforCancer




Evidence

- Immunosuppression
simmuneedi iiug"”

Immunity 2004 21(2):137-148



s Benefitstofflmmunotherapy

- relatively non-toxic therapy

- exquisitel ecihi
- 1 1

- long lived protection/memory




dImmunotherapyforCancer

“Passive

- cell transfer strategies

“Adoptive Immunotherapy”

-

early animal Immuno- IL-2 TIL cells
models suppression LAK cells TDLN cells

- ETR

required



Advantages ofrPassive'CellularApproach

Pros Cons
- feasible - labor intensive
- activation and expansion - expensive

without dampening factors - too artificial(2)
=supraphysiologic numbers™ = transient cell'viability

of cells - no ‘off-the-shelt” ability
- €X vivo genetic manipulation

of cells

GEISP




FAdvantagesiofiPassive'CellularApproach




TAdvantages oirPassive CellularApproach™

Pretreatment 16+ Months




Immunotherapy for Gancer: 1970-1980'

- Rosenberg et al’. — cultured mononuclear fraction of
peripheral blood (leucopheresis) with
= generated lymphokine-activated Killer;cells (15A¥K9)

- I"AKS found w.)s!\l.»ﬁss.l.b

%Y, ‘lel’ Y Y, A‘..A’.]‘l' 11 ) reSNOL

- lmproved with cyclophosphamide or TBI>*

2Cancer Res 1981; 41: 4420-4425.
3J Immunol 1985; 135: 646-652.
4Science 1986; 233: 1318-1321.




Immunotherapyfor‘Cancer:1980=1990

- Rosenberg et al>. — cultured tumor suspension in I1.-2
- osenerated tumor-infiltrating lymphocytes (T1L))
=Hlis'determined to'be mostly CD8 I cells

- when given with exogenous I1L-2 — clinical responses

- 50-100x more etfective than LAK cells

>J Natl Cancer Inst. 1987; 79(5): 1067-1075.



dImmunotherapyfor Gancer:1990-2000

o-CD3
1L.-2

6Cancer Immunol Immunother. 1995; 83(1): 45-51.



2 major areas —

dost=limits ofammunodepletion prior.

toradopuyve transicr

Effector — Genetically engineered T cells




Immunodepletion'prior‘toradoptive transter

- eliminate competition for cytokines’

- eliminate suppressor. cells ((Iregs)
—ocnerates maturation ofrdendritic cells
- increase in tumor antigen display

adoptive transfer

’J Immunother. 2010; 33(1): 1-7.



Immunocompetent-host




Non=myeloalative'preconditioning

Pytialy acivying
wnor-specitic CO8




Myeloalative'preconditioning

Malao

oC

AdCptively Yaralerred
wmror speche COU°




Genetically'engineered I cells

=co=stimulationis‘complex*and necessary

?

B87-H1/87-DC
O)——

B87-H1/87-DC

pep.-MHC
0

MHClorll

4183 .) 4188 = CD137 "

CD27L - CD27 e
OX40L ‘D ox<0 = CD134 i
Light : Light-R

*

i

Cytokones (IL-2, IL-12, L-18)




Antigenicity vs:Almmunogenicity

Ag*

Signal 1 l: >/_

hd
Ag HL )

Antigen:APC T cell interaction, no  Antigen:APC T cell interaction with
costimulation costimulation

Result — T cell anergy, apoptosis, or Result— T cell activation, clonal expansion
Suppression (Treg) effector functions



s EcellFactivationand tumors s s

CD8+ T cell

A
%

o.
)
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2

> co-stimulation
required for full
activation

Unlikely to occur
- loss of MHC 1
- lack of co-stimulatory molecules




Bypasstactivation'requirements‘and " I'CR

CD8a
SS1 scFv : Leader: .

SS1 scFv : cD8a TM: | |
SS1 scFv

cp28 TM:N

SS1 scFv

SS1 scFv ! .{..1_

tumor antigen
binding domain
|

l
T T

—e—saline . “ ’,
~©—CD19-28BBz IT _JI° ‘ A R
—O— $81-2888Bz IP 4

—w— §81.2888z v [

S Chimeric
Antigen
Receptor

tumor volume (mm3)

days post tumor injection



e Bcellfactivationtand ‘tumors™

A
%

o,
()
2,
S
>

> co-stimulation
/g S required for full
8+ Ticall’ activation

Unlikely to occur
- loss okffitiént tumor cell killing
- lack of co-stimulatory molecules




Zeta 28:z | 41BB:z | 28:41BB:z
only
kill ++ ++ ++ ++
cytokine + ot 4 44+
Prolifera- + +++ ++ 4+ +++
tion
In vivo + ++ +4++ +++

survival




Othermethodstot*engineering "A=cells

Tumour sample Expeand cell 5
from patient Tumour- populations in culture iy

:TCR m\
<

Viral vector encoding Humen T cell
tumour-specific TCR engineered to
T cells isolated express tumour-
from tumour specific TCR

A

Genetically
engineered > g
activeting Clone chimeric Humaen T cell expressing
motit antigen receptor chimeric antigen
into retroviral vector receptor specific for
a tumour antigen

Mouse transgenic
for human MHC

A

Isolate mouse T cell Clone mouse Humean T cell
A ‘. / specific for a human TCR into elpre-..n
." MHC class |-restricted retroviral vector mouse TC
Clone human W o, tumour antigen

MHC class | or
class Il genes Immunize mouse with

human tumour antigens




Adoptive lImmunotherapy ="Summary

Macrophege —

NK cell—

Fragmentation of tumour mass /

' )
T cell growth Infusion of tumour-
factors (such as IL-2) spec ific T ells

T cell populations



Notlimited to CDS8 T cells

OOOOO

anananan



1994 — 34% with TIL

49% with TIL + immunodepletion

72% with TIL + immunodepletion + TBI



"Why doesadoptive immunotherapyfail2:

- poor antigen display by tumor
- antigen loss
- hostile tumor: microenvironment
Simmunestolerance
= regulatory dcells

fficient numbers/nersistence o
- inability to access tumors — limited

lymphocyte tratficking




Antigen1ioss




Antigen lioss

J Immunother. 2003 ; 26(5): 385-393.

Cell Transfer Therapy for Cancer: Lessons from Sequential
Treatments of a Patient With Metastatic Melanoma

Steven A. Rosenberg’, James C. Yang', Paul F. Robbins , John R. Wunderlich”, Patrick
Hwu', Richard M. Sherry’, Douglas J. Schwartzentruber , Suzanne L. Topalian’, Nicholas P.
Restifo , Armando Filie', Richard Chang*, and Mark E. Dudley

*Center for Cancer Research, Surgery Branch, National Cancer Institute, National Institute of
Health, Bethesda, Maryland

‘Center for Cancer Research, Laboratory of Pathology, National Cancer Institute, National Institute
of Health, Bethesda, Maryland

¥Diagnostic Radiology Department, Clinical Center, National Cancer Institute, National Institute of
Health, Bethesda, Maryland




B ATInIquercase 'study ey

- 1997 — 27 year old female with melanoma of the eyelid
- excised, but recurred in 1999

- treated with supertficial parotidectomy, cervical lymph
node dissection, 60 Gy to her face and neck, and bio-

chemotherapy — chemo + IL-2 + alpha-interferon

- disease progressed referred to NCI in 2000



Mreated with'peptidevaccineand 12

4 .
\ .
| " %s !
\ pe

ep 100/ antigen

November2000%+



Treatment #1 —

- 1 source — Pbl.

Sreacuvegplov
- h_uw_mJJ gt ,)L-:,b.u ,)rb.r

- mlnlmal response

January 200155




- 2 sources — PBL + T
=reacuyespli0SVIARI=1
hu.LuJ.um pletion prior to #5

- improved response

P

March 20015




- 2 sources — PBIL 4 THIY
=reacuve gplivSVIARA =]
—immunodepletion J)J'l!)_f
- ~4x1010 cells injected i.a.
- much improved response

IMay 20015



W Antigenioss'isreallanddeads totumor escape

Treatment #5 —

- Patient refused surgel:y for-growing nodules
i neck

J J y -
JI1CAa 01 Progrc
-

2001

=UILENPUIINE
- tumor biopsy revealed a single point
mutation and loss of HLLA-A2 antigens




Hostileumoriviicroenvironment

Mordor

- Indolemine 2,5 dioxygenase (1DO)

=Nypoxic
-aciaotic




Adenosine



Adenosine

- damaged tissues — nucleotidases

- ATP/AMP converted to adenosine

- Al, A2A, A2B; and A3 receptors
=inhibitsTactivation'and expansion of ‘1" cells®
- “Hellstrom paradox™

- normally a protective mechanism

SPNAS 20065 103(35): 13132-13137.



Adenosine

JG,

l

+ CAMP ! T CAMP + CAMP
T PLC/t G TPISMAPK T PLC/! Cax
T p38 MAPK

TERK1/2 Intraceliviar

M
l

8Int J Oncol 2008; 32(3): 527-35.



Adenosine

/q“’ %

STATS | STATS
( Ef
(3, TCR-dependent gene transcription

| |

STATS-dependent gene transcription T cell activation

<:9é;r—supz I

- Inhibits both activation and expansion
= SHP-2'— tyrosine phosphatase
- inhibits PS6 and ZAP-70

8Tnt J Oncol 2008; 32(3): 527-35.



Adenosine

| T Cell Activation | T Cell Adhesion

NP

{ [Adenosine]

!

| NK, LAK, and T Cell Cytotoxicity

- Tregs — CD39 and €D73 — sequentially
catalyze to generate adenosine



Adenosine

A2AR ++ -l
mice(n=11) L P<0.001

L
S
-
S
w

Days after Tumor Inoculation

Effectsofradenosinereceptor-mediated; sow s



Adenosine

Genetic targeting Antagonism
—, T Tl

YCQ‘/(U

CAZR 2

cAMP |
\ NO J
e lmbmoy
Adenosine Inhibils - - ——
Anti-Tumor Elfects of “Rescue”of Anti-Tumor Effector
Functions of T cells

=physiologic'doses

SPNAS 20065 103(35): 13132-13137.






Indolemine2;3"dioxygenase(IDQ)

- metabolizes tryptophan
- responsible for tumor tolerance®
- primary. tumor; site
Sdrammngidymphmode
-normally —upregulated in"APC in response
to INF-y (negative feedback loop)

- major mechanism of Treg

‘Immun Rev 2008; 222: 206-221.



Tryptophan'catabolic'pathways

Tryptophan

@ood | Cioo>

N-formylkynurenine

l

| Kynurenine

/'l Ny

| TP

S5-hydroxy-tryptophan

l

Serotonin

Kynurenic acid

Anthranilic acid

|3-hydroxy-kynurenine|

|

l 3-hydroxy-anthranilic acid I

7

Quinolinic acid Picolinic acid




Indolemine2;3"dioxygenase(IDQ)

T reg cell APC \/QB\’ Tumor cell

- IDQO dysregulated in tumor.due to Binl loss
- ITMT inhibitor of IDO'in clinical trials

‘Immun Rev 2008; 222: 206-221.



Indolemine2;3"dioxygenase(IDQ)

Mechanismrofa D@ 'generegulation

‘Immun Rev 2008; 222: 206-221.



Indolemine2;3"dioxygenase(IDQ)

—» | Kyn and trp
metabolites

/1N

@é}

| Effector T cell { Effector T cell
proliferation apoptosis

N
}

Impairment of anti-tumor immune responses

‘Immun Rev 2008; 222: 206-221.



Feed forward'mechanism="Treg <> DC

- typically CD4(+)CD25(+)FOXP3(+)

- can be antigen specific

=mediated viatlD O toraticctother i cells
and APC

- depletion prior to AT has proven etficacy






=d*cells'closeto'senescence by timeof‘adoptive 1 -

11J Immunother. 2011; 3(3): 407-421.



Insufficient numbers/persistence of;
transtierred cells

Naive Stem cell Central
CDB* Tcell = mcmon Tcell memory T cell

=

CD45RO" CD4SRO"
CDos* CD9s*
IL-2Rp"
CCR7* CCR7"
co62L* CD62L

MHC class
Tumour-derived

peptide -2Rp -2Rp* IL-2Rp*

Strength of
APC signal

Proliferative
Capacity

Functional
differentiation

Antitumour
efficacy

=less'differentiated “*younger’*better?

11J Immunother. 2011; 3(3): 407-421.



Insutficient numbers/persistence of;
transterred cells
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Persistent Non-Persistent

- Persistence in vivo beneficial
=lelomereregulationviassshelterint i

- control telomerase activity > “immortal” T cell?

11J Immunother. 2007; 30(1): 123-129.






s limited lymphocyte tratficking tortumor:

- cell mediated killing requires direct contact
- tumor; vessels are grossly abnormal

10rmal phnysiologic mecnanisms ¢
tratficking nearly impossible




Abnormal tumor. vasculature as means of. immune

escape

Healthy vessel

Well organized

Defined arterioles and venules
Regularly distributed

Non-dilated

Non-permeable

Mature and coated with mural cells
Low interstitial pressure

Complete basement membrane
Endothelial cell and mural cell
Appropriate expression of markers
Normal rate of blood flow

Tumor vessel

Disorganized

Undefined arterioles and venules
Unevenly distributed

Dilated

Highly permeable

Premature and lack of mural cells
High interstitial pressure

Lack basement membrane
Mosaic cells

High or low expression of markers
Sluggish blood flow




s Lymphocytetratficking in'preclinical'models™

Current models of tratficking of lymphocytes
selectins = chemokine receptors —> integrins

Methods of following lymphocyte movement -

radiolabeled cells

cell surface marker variation
fluorescent tracking dyes
genetic variations






*Howdoesone study T=cell*tratfickinginvivo?+

|7‘

Initial entry Late entry from
from PB and cells proliferating
intravascular in 2° lymphoid
pools organs
t |
3
RECRUITMENT

Must separate initial from late
recruitment since the cell types,
the pertinent receptors and the
impact of the tumor
microenvironment may change

Measure cell accumulation

and the impact of
receptor blockade

4 \
In sit
pr'olir:‘:rl'a:ion In situ apoptosis <= Efflux
A A A

\/
TURNOVER

|

Must separate recruitment from
turnover so that one can determine
whether an experimental intervention
impacts one or both processes




Intravital'microscopy (IVM)

Inject calcein-
labeled cells

IS0 0D 0% &0 "






“Intravital'microscopy (IVMM)
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A'pictureis'worthra‘thousand'graphs. ..

wild type



‘Why does adoptive immunotherapy fail?-

- poor antigen display by tumor

- antigen loss

= hostile tumor microenvironment

Simmunetolerance

= regulatory dscells

- inability to access tumors — limited
lymphocyte tratficking







Suggestedreading

Rosenberg SA et al. Cell transfer therapy for cancer: lessons from sequential

treatments of a patient with metastatic melanoma. J Immunother. 2003; 26(5):
385-393.

Ohta A et al. A2A adenosine receptor protects tumors from antitumor T cells.
PNAS. 20065 103(35):13132-13137.

Katz JB et al. Indoleamine 2,3-dioxygenase in T-cell tolerance and tumoral immune
escape. Immunological Reviews. 2008; 222:206-221.

Gattinoni L et al. Adoptive immunotherapy for cancer: building on success. Nat
Rev Immunol. 2006; 6(5):383-393.




